Pancreatic, gallbladder and bile duct neoplasia are the most common causes of malignant biliary obstruction (MBO) [1] . In cases of advanced unresectable cancer, the prognosis is poor, and a recent study reported a median survival post-biliary drain insertion of 46 days, with 1-, 3-, and 6-month survival rates of 64.7 %, 26.5 %, and 7.4 % respectively [2] . In these cases, biliary decompression with placement of an endoscopic or percutaneous stent is a critical form of palliative treatment. This drainage can be performed using either plastic stents (PS) or self-expandable metal stents (SEMS) [3] .
forming EBS during palliative biliary stent placement in MBO remains a question. There are several adverse events (AEs) related to ERCP with and without EBS including post-ERCP pancreatitis (PEP), bleeding, cholangitis, and perforation. The rationale for performing EBS prior to stent placement is to facilitate access to bile duct and decrease occurrence of PEP, both by exposing the landmarks of the septum, thus separating biliary and pancreatic ducts, and by reducing tension at the pancreatic duct orifice. However, there is currently conflicting evidence as to whether EBS reduces risk of PEP during palliative biliary stent placement in MBO [5] . In a recent meta-analysis by Sofi et al., there were no significant differences in the rate of PEP in patients with benign or malignant biliary obstruction undergoing biliary stent placement, with and without EBS [6] . Contrarily, in a meta-analysis by Cui et al., the authors concluded that EBS before stenting actually reduced incidence of PEP [7] . However, these results were largely influenced by an old study from Di Giorgio et al., but in the absence of significantly statistical differences [8] .
The main aim of the current study was to systematically compare risk of AEs after biliary stenting in patients with malignant biliary obstruction, with and without biliary sphincterotomy.
Methods

Data sources, search strategy and quality assessment
We performed a comprehensive literature search by using PubMed, SCOPUS, Google Scholar and the Cochrane Central Register of Clinical Trials (up to February 2017) to identify fulltext studies evaluating risk of AEs of biliary stent positioning, with and without endoscopic sphincterotomy, in patients with unresectable MBO. Electronic searches were supplemented by manual searches of references of included studies and review articles. Details on the search strategy are reported in Appendix 1.
Quality was assessed by the modified Newcastle-Ottawa Scale for non-randomized studies, ranging from 0 (low-quality) to 5 (high-quality) [9] . Two reviewers (AM, LF) assessed quality measures for included studies and discrepancies were adjudicated by collegial discussion. The statistical review of the study was performed by a biomedical statistician.
Inclusion criteria
Only comparative studies in which patients underwent biliary stent placement for relief of unresectable MBO, with and without endoscopic sphincterotomy, reporting data on the procedure-related AEs, were included. Prospective and retrospective studies published as full text in English language were considered. Abstracts published in the proceedings of international congresses were not included. Three review authors (BM, AM, LF) independently screened the titles and abstracts yielded by the search against the inclusion criteria.
Exclusion criteria
Studies including patients with benign biliary obstruction treated by stent placement were excluded, as well as studies published in non-English language or in abstract form.
In case of mixed population, only studies providing data stratified according to the type of obstruction (malignant vs. benign obstruction) were considered. Full texts were retrieved for all abstracts meeting the inclusion criteria or if there was any uncertainty, and evaluated by pairs of review authors. Disagreements were resolved through collegial discussion among all the authors. The reasons for excluding trials were recorded. When there were multiple articles for a single study, we used the latest publication and supplemented it, if necessary, with data from the more complete version.
Data extraction
The following data were extracted for each study: publication status, study design and location (country), number of participating centers, study population, enrollment periods, patient characteristics (average age, gender), indication for ERCP, AEs and timing of occurrence (early AEs occurring within 30 days since placement and late AEs occurring thereafter), type of AEs, number of patients in follow up, mean period of follow up.
Outcomes assessment
The primary outcome was risk of AEs, including: 1) early AEs (as defined in Cotton et al. [10] defined as occurring within 30 days from stent insertion, i. e. post-ERCP pancreatitis, early bleeding, duodenal perforation, early cholangitis, and early mortality; and 2) late AEs (occurred greater than 30 days post-procedure). These included stent occlusion, stent migration and late cholangitis. Mortality was also evaluated. The secondary outcome was the technical success, defined as the rate of successful biliary stent insertion.
Statistical analysis
As the outcomes were dichotomous events, we computed the odds ratio (OR) and its 95 % confidence interval (95 %CI). Effect size estimates (i. e. OR) were pooled by means of a random effects model in case of heterogeneity across studies, otherwise a fixed effect model was used [11] . We performed a series of sensitivity analyses by excluding one study at a time to evaluate the influence of individual studies on the outcomes. Statistical heterogeneity was measured with the I 2 statistic (high heterogeneity level: > 50 %) and tested using the Q 2 test (statistical significance cut-off: P < 0.1). Publication bias was not evaluated because fewer than 10 studies were finally available for the analysis. All the analyses were performed by using R statistical software with package Metafor.
Results
The literature search resulted in 956 articles. After exclusion of review articles, editorials, and case reports, 14 papers were assessed via full text for eligibility. Thus seven studies, comprising a total of 870 patients (range: 74 -200 patients) comparing metallic stent positioning for MBO with and without endoscopic sphincterotomy were included [▶ Supplementary Fig.  1 ]. Details of the included studies are summarized in ▶ Table 1 and the main findings are summarized in ▶ Table 2 . In none of the selected studies did the patients undergo chemo or pancreatic stent prophylaxis for post-ERCP pancreatitis. Moreover, none of these patients underwent any dilation (mechanical or pneumatic) before stenting.
Early adverse events (< 30 days)
No significant difference in the rate of post-ERCP pancreatitis (PEP) was found comparing the no-EBS group (29/392, 7.3 %) vs EBS group (27/404, 6.7 %), with an OR of 1.18 (95 %CI: 0.66 -2.12) and low heterogeneity between studies (I 2 = 36 %;
Q: 8, P = 0.16) (▶ Fig. 1 ).
Four studies reported the rate of clinically significant early bleeding, which developed in 0 /255 patients in no-EBS group versus 12/208 (5.8 %) subjects in the EBS group, yielding a significantly lower risk in the no-EBS arm (OR: 0.11; 95 % CI, 0.02 -0.51), with a low level of heterogeneity (I 2 : 0 %; Q: 2, P = 0.62).
(▶ Fig. 2 ).
As addressed by two of the seven included studies, no significant differences were found in the rate of duodenal perforation after ERCP without or with EBS (1/137, 0.7 % vs. 4/137, 2. Two studies assessed the rate of early mortality, which was 0 % in both treatment groups, yielding no significant difference (OR: 0.57; 95 %CI: 0.04 -9.33), with low heterogeneity (I 2 = 0 %; Q:0.4, P = 0.74). Details on the reported early AEs stratified according to the treatment groups are reported in ▶ Supplementary Table 1.
Late adverse events (> 30 days)
Rates of stent occlusion, stent migration, late cholangitis, and mortality in the no-EBS and EBS groups are reported in ▶ Supplementary Table 2 . There was no significantly increased risk of developing any of these late AEs when comparing the two groups.
Technical success
Overall, based on the seven studies included, the rate of biliary stent insertion was 427/429 patients (99.5 %) in the no-EBS group versus 437/441 (99.1 %) in the EBS arm, yielding no association with technical success of stent insertion (OR: 1.38; 95 % CI, 0.43 -4.48), with a low level of heterogeneity between studies (I 2 = 0 %; Q: 1, P = 0.99) (▶ Fig. 4 ).
Discussion
Sphincterotomy is a maneuver commonly performed during ERCP for stent placement in malignant biliary obstruction. However, the benefit of performing EBS during a procedure for palliative stenting remains unclear. Both individual studies and meta-analyses comparing outcomes of EBS vs no-EBS in benign and malignant disease have shown conflicting results. To answer this question in the case of MBO in unresectable lesions, ▶ Fig. 1 Forest plot of post-ERCP pancreatitis rates. Low heterogeneity between studies was detected (I2 = 31.9 %; Q: 6.6, P = 0.254). a meta-analysis was performed that included seven studies and 870 patients. Our results demonstrated that no EBS was associated with a decreased risk of overall early AEs, cholangitis and clinically significant bleeding compared to cases in which EBS was performed. Meanwhile, there were no differences in other commonly reported ERCP AEs such as pancreatitis, perforation or mortality. Furthermore, there were no improvements in technical success of stent placement when EBS was performed. Therefore, a conclusion that can be drawn from this systematic review is that endoscopic biliary sphincterotomy may not be justified or necessary prior to stent placement for palliative treatment of MBO.
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We feel that our results are relevant for several reasons. This analysis provides an evidence-based approach to assist with standardization of maneuvers performed during ERCP with palliative biliary stent placement. Indeed, by reducing risk of AEs such as bleeding and cholangitis, which can often require prolonged hospitalization and treatment with additional procedures, avoiding sphincterotomy before stent insertion might reduce the overall cost of the procedure and length of hospital stay. In our opinion, one of the supposed mechanisms of cholangitis in patients with EBS is the inflammatory ingrowth and overgrowth of tissue occluding the stent, caused by tissue regeneration from the cut papilla. It can be more frequent especially if the stent is uncovered or, if the stent is fully-covered, it could be happen if the distal end is very close to the papillary orifice.
Regarding the lack of difference in technical success of stent placement, these results support the recommendation that sphincterotomy should be preserved for specific indications that focus on improving access or orifice size at the level of the papilla, such as choledocholithiasis, papillary stenosis, or multiple stent placement. Malignant biliary strictures are generally narrow and rigid, especially in tumors involving the head of the pancreas, and EBS has no relationship with stent insertion through the stricture proximal to the papilla.
Another reason that has been cited when advocating for prestenting EBS was the suggested lower incidence of post-ERCP Fig. 3 Forest plot of post-ERCP early cholangitis rates. A low between-study heterogeneity was detected (I2 = 0 %; Q: 0.8, P = 0.976). Review pancreatitis (PEP) [12, 13] when sphincterotomy was performed [14] . According to Simmons et al. [15] , the proposed mechanism of PEP in the absence of EBS is pancreatic duct orifice obstruction by the biliary stent. Results of the studies published in literature about risk of PEP in patients with distal malignant biliary obstruction [8, 12, 15, -20] are conflicting, however, our data do not support the hypothesis of an increased risk of PEP without sphincterotomy.
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The significantly increased rate of clinically significant bleeding in the EBS group was an expected result. This, coupled with a failure to offer improvement in technical success of stent placement, thus raising objection to necessity of pre-stenting EBS. Indeed, in this meta-analysis, bleeding after stent placement for MBO was about 0 % in patients without EBS, whereas it ranged from 2.6 % to 18.5 % in those receiving EBS [8, 12, 15, 17 -21] . In our opinion, a possible explanation for increased risk of bleeding in the EBS-group could be that patients underwent EBS after an initial failed cannulation, with a successive pre-cut (after completed with an EBS), which that represents a high risk of bleeding, but in the analyzed studies there is no mention of pre-cut access to the common bile duct. If the sphincterotomy is large, the pressure of the stent to tampon the bleeding is low to stop an eventual post-EBS bleed. Moreover, this issue is valid only for the FCSEMS, because if the stent is uncovered, the meshes of the metal stent can traumatize the cut mucosa, promoting bleeding.
The current meta-analysis presents several limitations. First of all, only limited data on this subject are available and therefore our conclusion could be limited. After applying the strict selection criteria, only seven studies were finally included. Clinical and statistical heterogeneity was ascertained, as both plastic and SEMS were used in the studies, and concerning the latter group, either uncovered, partially-covered or FCSEMS were implemented. Furthermore, the limited number of patients and arms of treatment did not allow stratification of outcomes according to the type of stent used. Another limitation is that few studies provided results regarding late AEs such as late cholangitis and mortality, thus the estimates regarding these specific outcomes might not be conclusive. We limited our search only to full text published in English and this could have introduced language and publication bias. The few included studies precluded any statistical analysis of the presence of publication bias, such as development of a funnel plot or Egger's tests.
Conclusion
In conclusion, our meta-analysis showed that performing endoscopic biliary sphincterotomy before stent placement for palliation in patients with neoplastic biliary obstruction may no longer be justified. In fact, given no additional benefit in technical success nor in prevention of post-ERCP pancreatitis, but rather significantly increased risks of overall early AEs of early clinically significant bleeding and early cholangitis, perhaps it is time for sphincterotomy prior to biliary palliative stenting to be abandoned. Further prospective randomized trials are needed to definitively address this issue.
